Recent evidence suggests that different forms of human periodontal disease are associated with specific microorganisms in subgingival dental plaque (19, 20) . The localized form of juvenile periodontitis, for example, is caused by Actinobacillus actinomycetemcomitans (26) , whereas the adult form of chronic periodontitis is associated with blackpigmented Bacteroides species, particularly B. gingivalis. High numbers of this gram-negative anaerobe are cultivable from adult periodontitis lesions, whereas it is rarely found, and then in low numbers, in subgingival dental plaque from normal individuals (19, 21, 23, 25, 28) . Furthermore, sera of adult periodontitis patients demonstrate elevated levels of immunoglobulin G (IgG) to B. gingivalis compared with periodontally healthy subjects (12, 15, 24) . Serologic studies of oral and nonoral asaccharolytic black-pigmented Bacteroides spp. originally established B. gingivalis as distinct from B. asaccharolyticus. Polyclonal reagents have also been used to examine antigenic heterogeneity in B. gingivalis (13, 17, 18) . Reed et al. (17) and Mouton et al. (13) found that these reagents were specific for B. gingivalis; however, the presence of a cross-reactive antigen in strains of Bacteroidaceae has been reported (10) . Recently, monoclonal antibodies to B. gingivalis have been developed which recognize both specific (6, 14) and cross-reactive (14) antigens among Bacteroides spp. In the present report, we describe the preparation and characterization of monoclonal antibodies specific to B. gingivalis which can be used to identify this microorganism in subgingival dental plaque. (11) containing hemin (5 jig/ml) and menadione (0.5 jig/ml) at 37°C (Table 1) . Actinomyces species (Table 2) were cultured in brain heart infusion broth for 72 h. X-and V-factor-requiring Haemophilus species (Table 2) were grown on chocolate agar for 72 h, harvested with a platinum loop, and washed three times in phosphate-buffered saline (PBS).
MATERIALS AND METHODS

Bacteria
Bacterial purity was confirmed by phase-contrast microscopy, Gram stain, and anaerobic culture. Cells were harvested by centrifugation, washed three times in PBS (pH 7.2), and stored at -70°C until required. 'Virginia Polytechnic Institute, Blacksburg.
[GIBCO], hypoxanthine [13.6 PBS-0.05% Tween 20-0.2% NaN3. Supernatant fluids from initial cell cultures were diluted 1/25 and 1/50, and ascites fluids were diluted from 1/1,000 to 1/500,000 in PBS-0.05% Tween 20-0.2% NaN3 for testing against B. gingivalis. Test fluid (0.25 ml) was added to duplicate wells. After incubation at 37°C for 30 min, the wells were washed three times with PBS 0.05%-Tween 20, and 0.25 ml of goat anti-mouse IgG (Cooper Biomedical, Inc., West Chester, Pa.) was added to each well. The incubation period and washing were repeated, and 200 ,ul of alkaline phosphatase-conjugated rabbit anti-goat IgG (Miles Laboratories) was added to each well. The plates were incubated and washed, and 0.20 ml of p-nitrophenylphosphate (1 mg/ml; Sigma) was added. After incubation at 37°C for 30 min, 0.25 ml of 5 N NaOH was added to each well to terminate the reaction, and the A405 was determined spectrophotometrically. Results were expressed as the reciprocal of the endpoint ascites fluid dilution producing an A405 greater than 0.2. The isotype and light chain of each monoclonal antibody was determined by ELISA by using heavy-and light-chainspecific reagents (Miles Laboratories).
Preparation and staining of subgingival plaque samples. The presence and relative proportion of B. gingivalis in subgingival dental plaque were determined as previously described (27) . Briefly, each sample site was isolated with cotton rolls, and supragingival dental plaque was removed with sterile cotton pellets. Three sterile paper points (Johnson and Johnson Fine) were then inserted into the periodontal sulcus or pocket until resistance was met. The points were left in place for 10 s and then immediately transferred into 1.0 ml of Ringer's solution containing 2% Formalin. The bacteria were dispersed with a Vortex mixer at maximal setting for 60 s, and 10-,ul portions of bacterial suspension were placed on glass slides, air dried, and gently heat fixed. Slides were stained as described above.
RESULTS
Production of monoclonal antibodies. Five separate fusions resulted in 1,050 wells with positive growth. Sixty wells contained antibody specific for B. gingivalis by ELISA. Expansion of these cultures and cloning by limiting dilution resulted in 28 positive B. gingivalis-reactive cell lines. These lines were also specific as evidenced by the fact that they did not react with any of the battery of test organisms other than B. gingivalis. Wells that contained antibodies reactive with B. gingivalis and other of the test organisms were not further studied. Injection of these hybridomas into pristane-primed mice resulted in 28 ascites fluid samples containing antibody specific for B. gingivalis and which could be removed by adsorption with formalinized cells of B. gingivalis (Fig. 1) .
Using heavy-and light-chain-specific reagents, it was determined that 26 of 28 clones produced either IgG2a or IgG2b and either K or A light chain (Table 3) . Two clones produced IgM antibody that contained K light chain (Table  3) .
Determination of antibody specificity. Ascites fluids containing B. gingivalis antibody were diluted from 1/1,000 to 1/1,000,000 and tested by ELISA. Endpoint dilutions at which positive reactivity was observed (>0.25 optical density at 405 nm) ranged from 1/1,000 to 1/1,000,000 (Table 3) . Dilution of ascites fluids from 1/4 to 1/64 and testing for reactivity with B. gingivalis by indirect immunofluorescence microscopy identified eight clones which demonstrated 3+ or 4+ reactivity ( Table 3) . Six of these clones were further tested by indirect immunofluorescence microscopy at a 1:64 dilution against additional B. gingivalis strains, as well as other Bacteroides species (Table 4) . The data indicated antibody reactivity specific for B. gingivalis at these dilutions. Hybridoma BBG-12 was used to identify B. gingivalis in subgingival plaque.
Identification of B. gingivalis in dental plaque samples. Heat-fixed smears of subgingival plaque were stained with monoclonal antibody from hybridoma BBG-12 diluted 1/64 and examined by phase-contrast microscopy and indirect immunofluorescence microscopy. The results indicated that this reagent is useful for identification and quantitation of B. gingivalis in subgingival dental plaque (Fig. 2) . This monoclonal antibody (BBG-12) has previously been used in a comparison of culture versus immunofluorescence microscopy for identification of B. gingivalis in subgingival plaque (27) . This study showed a correlation of 91 to 100% between indirect immunofluorescence microscopy and anaerobic culture for specific identification of B. gingivalis in dental plaque samples. Immunofluorescence microscopy is a technique routinely used to diagnose infectious diseases (e.g., Chlamydia infections [22] ). In contrast to techniques such as ELISA or immunodot, immunofluorescence microscopy permits visualization of reacting cells. This can be useful in distinguishing bacterial morphotypes and therefore in determining false-positive reactions. Zambon et al. (27) have shown that certain adult periodontitis patients can be distinguished from periodontally normal adults based solely on the presence and propagation of B. gingivalis. Until recently, immunofluorescence microscopy was performed with polyclonal antisera. This could produce false-positive reactions due to crossreacting antigens on other bacteria, and the supply of specific polyclonal antisera is limited. Monoclonal antibodies, similar to polyclonal antisera, can be used to diagnose bacterial (9) and parasitic infections (1, 3, 7) , as well as oral lesions (16) . These reagents offer certain advantages over polyclonal reagents in that they react with a specific epitope, thereby eliminating cross-reactivity, and are available in potentially unlimited amounts. Monoclonal antibodies to B. gingivalis have been used to study antigenic heterogeneity (6) and surface antigens (14) but they have not been used for clinical diagnosis. Similarily, Gmur and Guggenheim (5) developed monoclonal antibodies to B. intermedius to study antigenic heterogeneity. In the present study, the data indicated that monoclonal antibodies specific for B. gingivalis can be used to identify this bacterium in subgingival plaque by indirect immunofluorescence microscopy. The specificity and rapidity of these assays suggest that this method is a quick, reliable means for identifying B. gingivalis in clinical specimens.
